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The number and impact of disasters seems to be increasing in the last decades, and their
consequences have to be managed in the best possible way. This paper introduces the main
concepts used in emergency and disaster management, and presents a literature review on
the decision aid models and systems applied to humanitarian logistics in this context.

2.1 Introduction

The number and impact of disasters seems to be increasing in the last decades, and
their consequences have to be managed in the best possible way. Recent years have seen
an explosion of literature regarding disaster and emergency management, as it is a topic
of high relevance in today’s world. Among this literature, there is an increasing amount
of research regarding mathematical models and systems which can help in the decision
aid processes developed when trying to respond to the consequences of a disaster. In this
introductory section the main definitions concerning disasters, emergencies and humani-
tarian logistics are stated, which will allow to classify the research into the main phases of

disaster management.
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2.1.1 Hazards and disasters

A hazard is a threatening event or probability of occurrence of a potentially damaging

phenomenon within a given time period and area. It can be both natural or human-made.

e Natural: naturally occurring physical phenomena caused either by rapid or slow on-
set events which can be geophysical, hydrological, climatological, meteorological or
biological (earthquakes, landslides, tsunamis, volcanic activity, avalanches, floods,
extreme temperatures, droughts, wildfires, cyclones, storm/wave surges, disease epi-
demics, animal plagues, etc.).

e Human-made or technological: events caused by humans and which occur in (or close
to) human settlements, such as complex emergencies/conflicts, famine, displaced pop-
ulations, industrial accidents (toxic dumps or radioactive escapes), catastrophic trans-

port accidents, etc.

An emergency is a situation that poses an immediate risk to health, life, property or
environment.

A disaster is the disruption of the normal functioning of a system or community, which
causes a strong impact on people, structures and environment, and goes beyond the local
capacity of response. Sometimes, to declare or not an emergency as a disaster is a political
decision, because it has consequences for the involvement of third parties in the interven-
tion or for insurance, for example.

Catastrophe is another term used in disaster management. There is also a discussion
in the literature about the difference between disaster and catastrophe. Usually a catas-
trophe is considered an extremely large-scale disaster. As stated in Quarantelli [74], just
as “disasters” are qualitatively different from everyday community emergencies, so are
“catastrophes” a qualitative jump over “disasters”. This qualitative jump is reflected in
several characteristics and results in important differences in the logistics of the interven-

tion, as discussed in what follows.

2.1.2 Disaster management and humanitarian logistics

Disaster response is a complex process that involves severe time pressure, high uncer-
tainty and many stakeholders. It also involves several autonomous agencies to collabo-
ratively mitigate, prepare, respond, and recover from heterogeneous and dynamic sets of

hazards to society.
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The agents involved differ depending on the type of disaster (civil protection and local
security agencies usually manage technological disasters, while natural disasters normally
involve also NGOs and international agencies), the disaster consequences and the place
where it strikes, due to vulnerability.

The agents involved in disaster response can be classified into three levels, as involve-

ment in the operations depends on the consequences:

e Local level: the first response level, usually addressed by local agencies, civil society
organizations and civil protection. Typically, this level of emergency is not declared as
a disaster.

e National level: the army and national civil protection, governmental organizations and
NGOs are usually involved when an emergency is defined as a disaster. Sometimes,
international organizations with local offices also participate at this level.

e International level: foreign governments and inter-governmental organizations, inter-
national NGOs for disaster response and the United Nations Agencies. Coordination
at this level is a crucial matter, usually performed by OCHA (Office for the Coordina-
tion of Humanitarian Affairs) of United Nations, and the IASC (Inter-Agency Standing
Committee), primary mechanism for inter-agency coordination, including key UN and
non-UN humanitarian partners. This level is reached when national capacity of re-
sponse is not enough (due to the scale of the disaster and/or the vulnerability of the
country) and the national government authorizes an international humanitarian opera-

tion.

The decision making processes in disaster management are thus extremely difficult,
due to the multiple actors (decision-makers) which are involved, and the complexity of
the tasks addressed. Among those tasks, all the process of planning, implementing and
controlling the efficient, cost-effective flow and storage of goods and materials as well as
related information, from the point of origin to the point of consumption for the purpose of
meeting the end beneficiary’s requirements and alleviate the suffering of vulnerable people
is called humanitarian logistics, as defined in the Humanitarian Logistics Conference,
2004 (Fritz Institute).

Based on this definition, humanitarian logistics also appears in contexts different from
disaster management; the World Food Programme (WFP) and the World Health Organiza-
tion (WHO), for instance, develop many operations which can be considered humanitarian
logistics without being a response to a specific disaster. However, it is in disaster man-

agement where the application of humanitarian logistics is more complex and difficult and
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where more differences with business logistics appear. Therefore, our review is restricted
to this context. The main issues that differentiate humanitarian supply chains in the context

of disaster management from business supply chains are the following:

e Unpredictable demand in terms of timing, geographic location, type and quantity of
commodity.

e Short lead time and suddenness of demand for large amounts of a wide variety of
products and services.

e [ack of initial resources in terms of supply, human resources, technology, capacity and
funding (see Balcik and Beamon [9]).

e Presence of multiple decision makers that can be sometimes difficult to identify.

2.1.3 Phases, tasks and decisions of the disaster management cycle

In the decision making processes needed in humanitarian logistics for disaster manage-
ment, the context and the nature of the decisions to be made change over time as we move
from before to after the disaster event. Deciding about preventive actions to mitigate the
effects of a possible future earthquake is not the same as deciding about the precise actions
to undertake just after it strikes, or a month later. The context-related uncertainties and time
pressure may vary a lot from one situation to the other, as well as the nature of the decisions
and the criteria of the involved actors. This has led to distinguishing four successive phases
in the management of emergencies and disasters according to the main nature of the tasks

to be performed and their temporal location with respect to the disaster event:

e Mitigation: all the middle and long-term actions and decisions aimed to prevent and
mitigate the consequences of a future disaster, as long as it is not (known to be) immi-
nent. Typical tasks of this phase are the identification of risk groups and vulnerability
patterns and their treatment, or the development of prediction systems and emergency
plans and the allocation of resources for them.

e Preparedness: all the short-term interventions once the available prediction systems
have raised an alarm of an upcoming adverse phenomenon until it finally strikes. This
includes setting off the emergency systems and evacuation plans, the real-time track-
ing of the hazard, the analysis of the most probable scenarios, the reinforcement of
critical infrastructures, etc. This phase also includes some long-term decisions such as

inventory prepositioning and network design.
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e Response: this phase is focused on saving lives and it is characterized by a short du-
ration with high emergency and high uncertainty. It is usually divided into a first
response phase, devoted to the rescue and urgent medical assistance of injured and af-
fected people (depending on the disaster scenario, it may last around one week from
the moment of the disaster event), and a middle-term response phase, devoted to esti-
mate and mitigate the potentially unattended first needs of the affected population as
a result of possible damage to life-line infrastructures and resources (shelter, ordinary
medical assistance, water and food supply, etc.). This middle-term stage usually in-
volves the delivery of aid from outside of the affected zone and can last for weeks or
even months from the moment of the disaster, depending on its nature and magnitude
as well as on the economic and development circumstances of the affected country.

e Recovery: this phase is focused on achieving efficiency and it is characterized by
its long duration with low emergency and low uncertainty. It refers to all the long-
term actions and decisions aimed to recuperate the normal functioning of the affected
community and the reconstruction of the social fabric, including life-line resources,
services and infrastructure, and the necessary improvements in order not to repeat the
specific vulnerabilities shown by the affected groups and places. Sometimes, after cer-
tain disasters, a periodic flow of humanitarian aid will be needed to support particularly

vulnerable people, which is outside the scope of disaster management.

Though this division in phases is clear and well-founded from a temporal and concep-
tual point of view, it is important to remark that the process of disaster management has to
be understood as a whole, where phases are not independent of each other despite their dif-
ferent focus. In this way, the preparedness phase relies critically on the prediction systems
set up in the mitigation phase and the urgent decision-making of the former phase would
be impossible without the previous vulnerability analysis and emergency plans developed
in the latter phase. Similarly, the allocation of resources for first response operations must
be taken into account when designing the mitigation policy. Besides, the middle-term re-
sponse stage cannot be successful if it does not enable an adequate recovery process. In
this sense the delivery of external aid has to be carefully examined and carried out in or-
der not to destroy the local economy. Furthermore, notice that the recovery and mitigation
tasks partially overlap, in such a way that once an affected community has reached a new
equilibrium, it has to re-evaluate the possible occurrence of future disasters and thus a new

mitigation stage follows the recovery phase. Thus, the disaster management process is a



22 Decision Aid Models for Disaster Management and Emergencies

non-stop cycle (see Fig. 2.1, as in Tomasini and van Wassenhove [87]), in which each phase

is based on the previous ones, clearly showing the interdependence between all of them.

Mitigation

Recovery Preparedness

Response

Fig. 2.1 Phases of the disaster management cycle

Some other factors appear that must be considered in all phases of the disaster man-
agement cycle. A key factor in humanitarian logistics is the management of funding and
donations. Donations are usually classified into two groups: earmarked donations, given by
donors to be used in specific operations, and non-earmarked donations, that have no con-
straints of use. The management of both kinds of donations is crucial to achieve efficiency,
and thus it is important to take them into account when making decisions.

In order to help in the decision making processes arising in each of the interrelated
previous phases, different mathematical models can be developed. In Altay and Green
[4], the literature in Operations Research models for disaster operations management up to
2005 is reviewed. In this work we present an up-to-date review of the Operations Research
literature, which is completed with a review on the decision aid systems already in use by
different organizations.

The paper is organized as follows. In Section 2.2 the literature on decision aid mod-
els is reviewed, classifying the bibliography according to the type of problem, the disaster
management phase and the solution technique. Section 2.3 introduces the decision aid sys-
tems most commonly used in practice, describing their main functionalities and providing

related references. Finally in Section 2.4 some conclusions are drawn.
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2.2 Decision Aid Models. Literature Review

This section is a humanitarian logistics literature review focused on papers presenting
mathematical models. They will first be classified according to the disaster management
phase considered and afterwards according to the type of problem approached. A special
subsection will be devoted to donations and funding. At the end of the section a brief
classification according to the solution technique used to solve the proposed models is also
provided.

We will restrict the review mostly to deterministic solution techniques, because, even
though uncertainty is a key factor in humanitarian logistics, the treatment of this uncertainty

in the literature is presented in a different chapter of this book.

2.2.1 Pre-disaster actions: mitigation and preparedness

In this section, the bibliography concerning mitigation and preparedness has been clas-
sified into the following six groups, according to the main problem tackled: assessment,
facility location, supply chain design, distribution planning, evacuation, and inventory plan-

ning.

Assessment

- Tovia [88] builds a simulation model for emergency response to be used by offices of
emergency preparedness. It is conceived to evaluate response capabilities and assess
the logistics resources required to evacuate, shelter and protect the population, in a
timely fashion in the event of a hurricane.

- Zobel and Khansa [100] present a multi-criteria approach providing a quantitative mea-
sure of resilience in the presence of multiple related disaster events, in order to be able
to compare several configurations and to assess their relative returns and risks for ef-
fective emergency management.

- Kung et al. [49] make use of multiple linear regression, multivariate analysis, back-
propagation networks and simulation for designing a real-time mobile system to pre-
dict and assess the occurrence of debris flows.

- Uchida [91] develops a simulation model for clarifying how disaster warning issuance
conditions affect “cry wolf syndrome” in the case of landslides caused by heavy rain-
fall.
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Facility location

- Akkihal [3] considers a battery of mixed-integer linear programs for locating ware-
houses for non-consumable inventories required for the initial deployment of aid after
a disaster occurrence.

- Doerner et al. [32] provide a multi-criteria programming model for locating public
facilities as schools in areas close to the coast, taking into account risks of inundation
by tsunamis. It performs a comparison between two solution approaches: a genetic
algorithm and a decomposition technique.

- Eiselt and Marianov [33] propose a 0-1 linear programming model for locating or
strengthening cell phone towers in order to maximize service coverage and minimize

the loss of communications in case a natural disaster occurs.

Supply chain design

- Hale and Moberg [38] consider a set cover location model for establishing an efficient
network of secure storage facilities that can effectively support multiple supply chain
facilities.

- Van Wassenhove [93] shows the complexities of managing supply chains in humani-
tarian settings and outlines strategies for better preparedness.

- Nagurney et al. [62] state a variational inequality problem for designing a supply chain
network for critical needs, minimizing the total cost and considering demand uncer-

tainty.

Distribution planning

- Nolz et al. [66] provide a multi-criteria metaheuristic based on evolutionary concepts
for planning water distribution tours in disaster relief, determining the physical loca-
tion of water tanks and selecting roads to be used for the transportation of drinking
water.

- Rottkemper et al. [76] propose a bi-objective mixed-integer programming model for
integrated relocation and distribution planning of relief items to the affected regions in

the aftermath of a disaster.
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Evacuation

- Saadatseresht et al. [77] propose a three-step approach based on the use of multi-
criteria evolutionary algorithms and on a geographical information system to deter-
mine the distribution of evacuees into safe areas in an emergency situation.

- Bretschneider and Kimms [16] present a two-stage heuristic approach for a pattern-
based mixed integer dynamic network flow model to restructure the traffic routing for

evacuating an urban area affected by a disaster.

Inventory planning

- Lodree and Taskin [53] introduce some variants in the classic newsvendor model in
order to deal with demand uncertainty in an emergency response inventory planning
problem that is relevant to manufacturing, service, not-for-profit, and government or-
ganizations that provide supplies, equipment, and manpower to support disaster relief
operations.

- Qin et al. [73] propose an inter-temporal integrated single-period inventory model to
determine the optimal order quantity of emergency resources in a flood incident. It

also describes a genetic algorithm based simulation approach.

2.2.2 Disaster response

Most of the papers dealing with the disaster response phase are related to the distribu-
tion of humanitarian aid, in a global or a local context, the evacuation of people affected
by a disaster or the location of support centers. In this section, the bibliography is clas-
sified into the following four groups, according to the main problem tackled: last mile

distribution, evacuation, large scale distribution, and other problems.

Last mile distribution

- Tzeng et al. [90] use fuzzy multi-objective linear programming technics to approach
a multi-period aid distribution problem minimizing total cost and total travel time and
maximizing minimal satisfaction during the planning period.

- Balcik and Beamon [9] consider a two-phase multi-period planning model for relief
distribution. In the first phase, the possible routes for vehicles within the time horizon

are generated. In the second phase, the optimal routes and the amount of supplies to
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be transported are selected for the coming periods by solving the underlying integer
programming problem.

- Campbell et al. [18] introduce and analyze two alternative objective functions for the
traveling salesman problem and the vehicle routing problem, considering arrival times
to destinations, in order to suit the humanitarian nature of the distribution. The new
problems are solved with an insertion and local search based heuristic approach.

- Gibbons and Samaddar [37] develop a simulation model for a problem of distribution
of vaccines in a pandemic situation and in a context of strong randomness.

- Blecken et al. [15] apply both exact and heuristic techniques to deal with a warehouse
provision and relief aid flow problem minimizing total cost.

- Nolz et al. [65] present a hybrid solution approach based on genetic algorithms, vari-
able neighborhood search and path relinking to tackle a multi-criteria problem of water
distribution to the population affected by a catastrophe.

- Vitoriano et al. [96] propose a multi-criteria double-flow model to address the problem
of distribution of goods to the affected population of a disaster. Criteria such as cost,
time of response, distribution equity, security and reliability are considered jointly
using a goal programming approach. Some preliminary results are also presented in
Vitoriano et al. [95] and Ortuiio et al. [70].

- Berkoune et al. [13] develop a genetic algorithm for solving a multi-commodity and
multi-depot routing problem which aims to minimize the total duration of all trips.

- Huang et al. [42] propose three objective functions for a routing problem concerning
cost, speed and equity of the delivery. The three resulting problems are solved with

different GRASP based metaheuristics and the objective function values are compared.

Evacuation

- Kongsomsaksaku et al. [48] provide a flood evacuation planning model in two levels:
shelter location by the authority and shelter selection and evacuation routing by the
evacuees. The bi-level programming problem is solved using a genetic algorithm.

- Chiu and Zheng [26] present an evacuation and support planning model on a transport
network for real-time emergency response in no-notice disasters. The linear program-
ming model is solved through the matrix formulation.

- Yi and Ozdamar [99] describe an integrated location-distribution-evacuation network

flow model for coordinating logistic support operations. The model determines the
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number of vehicles, the number of wounded people and the amount of commodities
traversing each arc via linear programming. Then, loads are distributed among vehicles
by solving a system of linear equations. Yiand Kumar [98] use ant colony optimization
to solve this problem, but disregarding facility location issues.

- Jotshi et al. [44] propose a simulation model with the support of data fusion for an
emergency problem of picking up and delivering patients to hospitals.

- Ben-Tal et al. [12] apply robust optimization for a multi-period transportation problem
consisting of dynamically assigning emergency response and evacuation traffic flow

with time dependent uncertainty on the demands.

Large scale distribution

- Angelis et al. [6] consider an integer linear programming model to solve a multi-period
weekly planning problem of aircraft routing to delivery food to Angola, in the context
of the United Nations World Food Program.

- Sheu [80] presents a dynamic aid plan to be used after an earthquake for several pur-
poses: grouping areas, estimation of affected people at each area, estimation of pri-
orities and distribution of aid. Different mathematical techniques are applied, such as
fuzzy clustering and multi-objective dynamic programming.

- Adivar and Mert [1] propose a fuzzy linear programming model to design a plan for
transporting international aid from donor countries to the country in need.

- Charles [22] states a global multilevel facility location and distribution model. This
mixed integer programming model includes international suppliers, potential ware-

houses, affected areas and two types of means of transportation: boats and planes.

Other problems

- Beamon and Kotleba [11] introduce a multi-supplier inventory model with discrete
random demands and two types of orders: normal and emergency orders. Beamon and
Kotleba [10] develop and test three different inventory management strategies for the
previous model that are applied in the context of the emergency situation associated to
the civil war in South Sudan.

- Jin and Eksioglu [43] present an integer programming model for determining alterna-

tive routes after a disaster in a road network. An algorithm is proposed to update the



28 Decision Aid Models for Disaster Management and Emergencies

parameters of the simplified linear program and it is tested using a simulated disaster

scenario.

2.2.3 Disaster recovery

In this section, the bibliography concerning the recovery stage has been classified into
the following seven groups, according to the activities involved: civil infrastructure sys-
tems, power system restoration, recovery planning, economic recovery, health care and

mental health recovery, urban disaster and housing recovery, and other activities.

Civil infrastructure systems: transportation networks, bridges, etc.

- Karlaftis et al. [47] present a methodology for optimally allocating funds for repair-
ing an urban infrastructure transportation network following natural disasters using a
three-stage genetic algorithm based approach.

- Permann [72] applies genetic algorithms to the problem of infrastructure networks
modeling and analysis in order to determine the optimum assets to restore or protect
from attack or other disaster.

- Mehlhorn [60] develop a method for prioritizing highway routes for reconstruction
after a natural disaster.

- Natarajarathinam et al. [63] review the management of supply chains in times of crisis,
including the recovery phase.

- Orabi et al. [68] present a model for damaged transportation networks to allocate lim-
ited reconstruction resources to competing recovery projects, generating optimal trade-
offs between minimizing the reconstruction duration and cost. In Orabi et al. [69] the
post—disaster recovery efforts of damaged civil infrastructure systems are optimized,
minimizing both the performance loss of the damaged transportation network and the
reconstruction costs.

- Matisziw et al. [56] present a multi-objective model to ensure that network restoration
during disaster recovery is prioritized so that system performance is optimized.

- Solano [81] works on preparedness, response, and recovery plans, selecting infrastruc-
tures for protection in presence of scarce resources.

- Van Hentenryck et al. [92] formalize the specification of the single commodity al-
location problem for disaster recovery and introduce a novel multi-stage hybrid-

optimization algorithm.
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- Maya and Sorensen [57] describe how to allocate scarce resources to repair a rural
road network after it has been damaged by a natural or man-made disaster.

- Mehlhorn et al. [59] present a plan for bridges’ repair to restore a highway network
that allows accessibility to key facilities in the damaged area.

- Losada et al. [54] incorporate the facility recovery time in a model that identifies
the optimal allocation of protection resources in an uncapacitated median network to

hedge against worst—case facility losses.

Power system restoration

- Crowther and Haimes [30] evaluate risk management options against multiple objec-
tives. This case study calculates an efficient frontier of solutions by integrating a sim-
plified model of the costs of recovery to the power sector derived from open-source
data with the Inoperability-Output Model.

- Ang [5] describes a model to plan the recovery of an electrical power transmission grid
that has been damaged by a natural disaster or terrorist attack.

- Xu et al. [97] determine how to schedule inspection, damage assessment, and repair
tasks so as to optimize the post-earthquake restoration of the electric power system.

- Coffrin et al. [28] model and solve the power system restoration planning problem for
disaster recovery.

- Coffrin et al. [29] present a model to decide how to store power system components
throughout a populated area to maximize the amount of power served after disaster

restoration.

Recovery planning

- Aftanas [2] develops an objective and repeatable process for optimizing the project
prioritization phase of the recovery effort.

- Buzna et al. [17] consider structures and organization in complex systems. The effec-
tiveness of recovery strategies is studied for a dynamic model of failure spreading in
networks.

- Nelson et al. [64] build a high level event and role based mobility model for simulating

disaster recovery networks.
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- Chen et al. [23] propose a quantitative measurement to recoverability assessment, and
establish a model of recoverability process to minimize the recovery time and optimize
the allocation of resources.

- Balasubramanian et al. [8] implement an integrated disaster recovery plan based upon a
plurality of requirements for an application by receiving a first set of inputs identifying

one or more entity types for which the plan is to be formulated.

Economic recovery: small business, private enterprises, insurance, ...

- Ghesquiere and Mahul [36] discuss the optimal level of sovereign insurance in the case
of developing countries.

- Rose [75] examines the consistency of the operational definitions of economic re-
silience in relation to antecedents from several disciplines, and evaluates the effec-
tiveness of economic resilience to reduce losses from disasters on the basis of recent
empirical studies.

- Saleem et al. [78] propose a model for pre-disaster preparation and post-disaster busi-
ness continuity—rapid recovery. The model is used to design and develop a web based
prototype of their business continuity information network system facilitating collab-
oration among local, state, federal agencies and the business community for rapid
disaster recovery.

- Luckey [55] presents a literature review from 2001 to 2008, which identifies key stages
for consideration when performing information technology disaster recovery planning

to ensure business viability if disasters occur.

Health care and mental health recovery

- de Mel et al. [31] measure mental health recovery and economic recovery for small
business owners affected by the 2004 Indian Ocean tsunami in Sri Lanka.

- Onyango [67] investigates humanitarian responses to complex emergencies.

- Cimellaro et al. [27] present a quantitative evaluation of disaster resilience which is

implemented for evaluation of health care facilities subject to earthquakes.
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Urban disaster and housing recovery

- Jung et al. [45] introduce some mathematical models for reconstruction planning in
urban areas and design of redevelopment strategies that minimize future risk of flood
and maximize net social benefit under spatial and equity constraints.

- Chang [20] presents a framework for assessing empirical patterns of urban disaster
recovery through the use of statistical indicators.

- El-Anwar et al. [34] study how to quantify and maximize the sustainability of inte-

grated housing recovery efforts after natural disasters.

Other activities

- Miles and Chang [61] present and operationalize a conceptual model of recovery to
create a numerical model of recovery which is intended for decision support.

- Fiedrich and Burghardt [35] show how applications of agent technology can be used to
support many processes throughout the phases of the disaster management cycle from
mitigation and preparation to actual response and recovery.

- Semsch et al. [79] develop an approach for increasing the robustness of plans in multi-
agent disaster, in which interactions between agents’ actions and plans may arise due
to simultaneous activity of the agents in a shared environment.

- Apte [7] discusses research issues and potential actions in disaster recovery.

- Chib and Komathi [25] implement information communication technologies in recov-
ery operations, drawing attention to vulnerability reducing potential of the initiatives.

- Kaklauskas et al. [46] describe the development of a knowledge model for post—
disaster management using multiple criteria decision making theory.

- Chao et al. [21] analyze the human—computer interaction of remote disaster recovery

systems.

2.2.4 Donations and funding

Several recent papers have approached the study of the role of donations in humanitar-

ian logistics:

- Besiou et al. [14] use system dynamics simulation to present studies supporting the
statement that earmarked donations decrease operational efficiency in decentralized

humanitarian operations.
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- Pedraza Martinez and Van Wassenhove [71] use dynamic programming to find an op-
timal replacement policy for the International Committee of the Red Cross, showing
empirically that earmarked funding affects the implementation of replacement policies
in humanitarian contexts, increasing operational cost.

- Toyasaki and Wakolbinger [89] model the strategic interaction between donors and

humanitarian organizations in a deterministic setting using game theory.

The importance of donations is a fundamental difference of humanitarian logistics with
respect to commercial logistics; however, they have not yet been sufficiently studied by

academics and there is a wide field for future research in this context.

2.2.5 Technique classification

Now we categorize the bibliography based on the methodology utilized for solving the

formulated problems.

e Optimization techniques

— Mathematical programming: Aftanas [2], Akkihal [3], Ang [5], Angelis et al. [6],
Balcik and Beamon [9], Ben-Tal et al. [12], Blecken et al. [15], Bretschneider
and Kimms [16], Charles [22], Chen et al. [23], Chiu and Zheng [26], Coffrin
et al. [28], Coffrin et al. [29], Doerner et al. [32], Eiselt and Marianov [33],
Hale and Moberg [38], Jin and Eksioglu [43], Jung et al. [45], Losada et al. [54],
Mehlhorn [60], Nagurney et al. [62], Pedraza Martinez and Van Wassenhove
[71], Rottkemper et al. [76], Van Hentenryck et al. [92], Xu et al. [97], Yi and
Ozdamar [99].

— Metaheuristics: Berkoune et al. [13], Blecken et al. [15], Campbell et al. [18],
Coffrin et al. [28], Huang et al. [42], Jung et al. [45], Kongsomsaksaku et al.
[48], Maya and Sorensen [57], Nolz et al. [65], Nolz et al. [66], Saadatseresht
et al. [77], Van Hentenryck et al. [92], Yi and Kumar [98].

— Inventory control: Beamon and Kotleba [10], Beamon and Kotleba [11], Lodree
and Taskin [53], Qin et al. [73].

— Constraint programming: Coffrin et al. [28], Van Hentenryck ez al. [92].

e Multi-criteria decision making: Aftanas [2], Crowther and Haimes [30], El-Anwar
et al. [34], Huang et al. [42], Jung et al. [45], Kaklauskas et al. [46], Matisziw et al.
[56], Nolz et al. [65], Orabi et al. [68], Orabi et al. [69], Ortuiio et al. [70], Tzeng et al.
[90], Vitoriano et al. [95], Vitoriano et al. [96], Zobel and Khansa [100].
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e Simulation: Buzna et al. [17], Gibbons and Samaddar [37], Jotshi et al. [44], Kung
et al. [49], Miles and Chang [61], Nelson et al. [64], Tovia [88], Uchida [91].

e Expert systems and artificial intelligence: Chao et al. [21], Fiedrich and Burghardt
[35], Karlaftis er al. [47], Permann [72], Xu et al. [97].

e Probability and statistics: Chang [20], Cimellaro et al. [27], Ghesquiere and Mahul
[36], Solano [81].

e Fuzzy systems: Adivar and Mert [1], Sheu [80], Tzeng et al. [90].

e Dynamic systems: Besiou et al. [14], Buzna et al. [17].

e Game theory: Semsch et al. [79], Toyasaki and Wakolbinger [89].

2.3 Decision Aid Systems

In the last two decades the development of decision aid systems for humanitarian logis-
tics has grown intensely. The most used systems have focused mainly on inventory control,
usually leaving aside the logistics related to the supply transportation and distribution. That
is the reason why the systems described below are mainly used in the phases of Prepared-
ness and Response, due to the importance that inventory control and fleet management
have in these two phases; however, depending on the particular situation, they could also

be helpful in the phases of Recovery and Mitigation.
In the following, some of the most important systems are briefly described.

SUMA and LSS. In 1992, the Pan American Health Organization, together with the
Regional Office of the World Health Organization under the support of different countries
(principally Holland), developed the Humanitarian Supply Management System (SUMA)
[85], being one of the most complete systems able to manage the information and resources
when a disaster happens. This system has been used as inventory support for other tasks in

employers’ organizations. The full system is composed by three modules:

e Suma Central: it is the core of the system and is normally situated in the emergency
operations center. The decision makers, situated at this level, collect and define every
parameter of the problem such as strategic recovery and delivery places, locations for
warehouses, etc.

e Field Unit: its aim is to manage the different operations in the crucial sites such as
airports, seaports and places defined in the above level. All the received supplies are

separated and classified in order to better tend to the needs of the affected population.
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e Stock management: it registers all information concerned with the received and deliv-

ered supplies. This module balances the available inventory in a certain warehouse.

Once the strategic parameters have been defined by Suma Central, the supplies must
be managed properly. For this goal, Field Unit is used to sort and label the collected
supplies in the different reception sites. The classification is divided in three types of
items: “Urgent! Immediate Distribution”, “Non-Urgent Distribution”, and, “Non-Priority
items”. In a secondary way, the items are separated in different groups: food, medicines,
etc., and then the information is sent to Suma Central. Finally, the supplies are inventoried
and delivered to other warehouses or distribution hubs, arriving at the affected population
under the coordination with the operations center.

As shown above, this system requires a good tool for data transmission among the
three modules, which is not always possible in a place that has been affected by a disaster.
This system was used up to 2005, when its successor, called Logistics Support System
(LSS) [86], was implemented, taking SUMA as a support software. Agencies as PAHO
and OCHA, among others, have made the project possible. LSS makes the information
exchange among NGOs, donors and affected and contributed countries easier.

Like SUMA, LSS classifies and sorts the received supplies. However, the structure of

the system emphasizes the treatment of the supplies being included in a database:

e Entries: the different received supplies that have arrived in a certain local point are
registered in the system as well as classified and sorted.

e Deliveries: the supplies shipments are tracked by the system taking into account the
initial and destination points as well as the main features of the shipment.

e Pipeline: the expected supplies appear in this module of the system.

e Request: this part of the system manages the information about those places that need
specific supplies and is useful for determining how to allocate the required supplies.

e Stock basket: once the supplies have been classified in groups, this system tracks the
available stocks for better managing future requirements.

e Importing/exporting: in this part, the system is able to exchange information about the

supplies with other strategic places, external systems or agencies.

SUMA has been used since 1995, when it was applied in the Hurricane Louis in
Caribbean Islands, and afterwards deployed in other natural disasters such as the Hurri-
cane Mitch that hit Central America in 1998. LSS has been used since 2005, when it was

applied in the Tropical Storm Stan in El Salvador. Among many others, it was also de-
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ployed in the 2005 and 2007 earthquakes that hit Pakistan and Peru, respectively, and the
2008 volcano eruptions in Ecuador. For more details on SUMA and LSS deployments, see
[85, 86]. Many agencies have taken SUMA/LSS as support for humanitarian logistics, such
as UN, WHO, WFP, OCHA, UNICEF, UNHCR, PAHO, CTS, Red Cross and many NGOs
like ICRC, IFRC, MSF and OXFAM, among others.

HLS and HELIOS. Humanitarian Logistics Software (HLS) [82] is a centralized web
based supply chain system that was developed in 2003 by the Fritz Institute in collabora-
tion with the International Federation of the Red Cross (IFRC) and Red Crescent. It was
designed basically to track supplies and financing from donation to delivery, increasing
transparency of donations, speeding up the relief chain and providing more detailed infor-
mation to decision makers at headquarters and in the field. The system provides an online
overview of the relief pipeline and allows a quick management of resources by using web-
based supplier lists and catalogues, making it possible to make orders directly online. HLS
was first used in 2004 by IFRC in several relief operations, such as the Morocco earth-
quake, the South Asia tsunami or the Haiti hurricane. It was also used later in operations
such as the 2005 earthquake in Pakistan and the 2006 earthquake and tsunami in Indonesia,
among others.

Between 2007 and 2008, HLS was replaced by a more advanced software also devel-
oped by the Fritz Institute called HELIOS [83]. It is a specific humanitarian logistics deci-
sion support tool that provides organizations with online real-time data to improve supply

chain management in humanitarian relief. It consists of five modules:

e The Project Management module administrates the open projects, estimating the main
needs and managing requests. This is the main module, coordinating the execution of
the others when needed.

e The Request Processing module manages the information concerning issued requests,
such as the issuer data, required goods, pickup and delivery locations, etc.

e The Warehouse module deals with the management of stocks and it can be activated
when an issue is received or a delivery is performed.

e The Mobilization module is focused on donation management, from cash to in-kind
goods and services. It is used by organizations to monitor and report on donations,
highly improving the information provided to donors concerning the use of their do-

nations.
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e The Procurement module is used to administrate and purchase goods, managing the

corresponding quotation requests and executing orders.

The operations to be performed are automated through a web based system in order to im-
prove the coordination between agents, but it could also be functional offline if an internet
connection is not available. In 2008, World Vision International and Oxfam GB imple-
mented HELIOS for the first time in two locations each. Later in 2009, Oxfam extended

the system to 20 different countries.

SAHANA. 1t is a disaster management system (see [52]) that was created by the Sri
Lankan IT community after the 2004 Indian Ocean earthquake and tsumani. It was con-
ceived as an internet based system to manage disaster relief efforts during the response and
recovery phases after the disaster. In fact, the word “Sahana” means “relief”” in Sinhalese,
one of the national languages of Sri Lanka.

The first owner of the intellectual property of Sahana was the Lanka Software Founda-
tion making Sahana become a global open source software project supported by volunteer
contributors and several national authorities. In 2009 a non-profit organization called the
Sahana Software Foundation was created to continue with the development of this project,
employing experts in disaster management.

Sahana is a web based automated system mainly focused on coordination and planning
of humanitarian operations. From the first implementation of 2004 the software has been
further improved and at the moment it contains the following tools (see [51] for more

details):

e Sahana Vesuvius: led by the US National Library of Medicine, it is focused on dis-
aster preparedness and response needs of the medical community. It is used to assist
hospitals, medical facilities and jurisdictions to tie victim records with missing people
reports.

e Sahana Mayon: it is a personnel and resource management tool to manage large num-
bers of resources. It contains disaster scenario, facility and staff management solutions.

e Sahana Eden: it is a flexible tool with several modules that can be used in the different
phases of disaster management: mitigation, preparedness, response and recovery. The
core modules are the following: Organization Registry (track active organizations to
provide opportunities for collaboration and coordination), Project Tracking (organize
projects and identify where the greatest needs are), Human Resources (manage volun-

teers and people involved in the project, keeping a contact list and tracking where they
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are and what skills they have), Inventory (manage inventories of items and requests
of warehouses, recording and automating transactions for sending and receiving ship-
ments), Assets (manage assets such as vehicles, radio equipment or power generators,
tracking their position and condition and ensuring they are used efficiently), Assess-
ments (collect and analyze information from assessments of different organizations
through the use of custom reports, graphs and maps), Scenarios & Events (plan for
several scenarios according to human resources, facilities, etc.), Mapping (integrated
mapping functionality providing situational awareness and supporting standard for-
mats from other sources and GIS, such as natural hazard risks, population or weather)
and Shelter Management (track information about shelters and people arriving and
departing). All these modules, together with some additional optional ones, can be

configured and personalized by the users to adapt them to their particular needs.

Sahana was first deployed by the Center of National Operations (CNO) at the 2005 Sri
Lanka tsunami. Since then, it has been used by several organizations to provide relief as-
sistance, such as in the 2005 Kashmir Earthquake of Pakistan (by the National Database &
Registration Authority of the Government of Pakistan), the 2006 Yogjakarta Earthquake of
Indonesia (by the Indonesian Relief Source) or the 2010 Floods in Venezuela (by the Gov-
ernment of Venezuela). The Sahana Eden tool, recently implemented, was first used for
disaster response in the 2010 Haiti Earthquake, being self-deployed by the Sahana Soft-
ware Foundation, also for the first time. The system has been used in many other relief

operations, see [50] for more details.

HFOSS. The project HFOSS [39] is an open source software project that participates in
several other smaller projects of different kinds. In particular, in the area of disaster man-
agement HFOSS has contributed to the Sahana project, already mentioned, and developed
other open source tools for humanitarian relief. One of these tools is Collabbit [41], a web
software for information sharing between organizations during emergencies. It has been
used, for example, by the Salvation Army Emergency Disaster Services of New York, to
coordinate the 2008 Thanksgiving Day Dinner program to feed more than 10,000 people or
to monitor cooling centers throughout New York for people seeking refuge from the heat
in the summer. Another tool developed by HFOSS is Posit [40], an Android application to
be used by rescue workers to map the disaster area with a mobile phone and communicate

with a central server and with other workers. It has been used, for example, by the nonprofit
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organization ACDI/VOCA during food and health service operations in remote rural areas
in Haiti, after the 2010 earthquake.

DMIS. The Disaster Management Information System (DMIS) [84] is a web based tool
developed by The International Federation of Red Cross allowing access to real time infor-
mation on disaster trends, available resources and databases, in order to support an efficient
disaster preparedness and response. It is only accessible to Red Cross and Red Crescent

staff, delegations and Geneva headquarters.

LOGISTIX. In 2006, Doctors without Borders developed an inventory tool for medical
needs so called LogistiX [58]. It focuses on medicines inventory and it is used in the
normal work of the organization. It is only accesible to Doctors without Borders, and the

organization gives some courses in order to teach their volunteers how to use this tool.

It is important to remark that, apart from the systems introduced before, there are also
some other systems that are not specifically designed for humanitarian logistics but are
also used by NGOs for humanitarian relief. In this group it is worth noting the system so
called FleetWave [24], that is a web-based enterprise information system focused on fleet
management that has been used, for example, by ICRC, IFRC and WFP.

Note that these systems are mainly focused on information management, making it eas-
ier to access data regarding active organizations, human resources and beneficiaries, orders
already placed or to be performed, stocks and available material, maps, etc., and improving
the communication between agencies and organizations involved. This information is es-
sential to provide decision support and it is very useful in practice, significantly improving
the performance of relief operations. However, to the best of our knowledge, the existing
systems have not implemented any decision model, such as the ones available in the liter-
ature and commented in the previous section, to provide automated detailed inventory or

distribution plans as output.

2.4 Conclusions

Recent years have seen an explosion of literature regarding disaster and emergency
management. Mathematical models have become an important tool to tackle disaster and
emergency humanitarian logistics, helping in the decision aid processes appearing when
trying to respond to the consequences. Even though more research is needed to incorporate

the additional uncertainties faced in humanitarian logistics and the inherent difficulties due
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to communication and coordination problems to the models, a lot of work has been done in
this direction. The review presented in this work and the chapter devoted to uncertainty in
humanitarian logistics for disaster management show the extent of these efforts.

There are in the literature several studies regarding future research lines is the area.
Van Wassenhove and Pedraza [94] present an extensive study on Supply Chain Manage-
ment best practices that are still to be adapted to humanitarian logistics. Caunhye et al. [19]
present a study on difficulties and future research directions that can guide the development
of more accurate models, insisting on the need to develop comprehensive optimization
models.

Our purpose in this work has been to link the review on models with the review on
decision support systems. From this work, it can be noted that humanitarian logistics re-
search remains highly fragmented. It is not frequent to find models that combine several
operations, while in the situations faced by agents many coordinated decisions have to be
taken. Moreover, in general, these models are not incorporated into Decision Support Sys-
tems which can be used in practise by the involved organizations. The systems already in
use are focused on information management, but do not have optimization tools in them. It
is our belief that it is necessary to shorten the gap between academics and practitioners in

order to be useful to the final decision makers.
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